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COMPOSITION OF CROSSLINKABLE EPOXY RESINS 
SCOPE OF THE INVENTION 

In general, this invention is related to compositions based on epoxy resins and, in 
particular, to the use of lanthanide triflates as curing agents for epoxy resin crosslinking 
and as accelerators in conventional curing processes of epoxy resins, 

BACKGROUND TO THE INVENTION 

Epoxy resins are substances that contain epoxide groups which can be crosslinked by 
catalysts and curing agents, leading to polymers with high mechanical and thermal 
resistance. These resins are used as adhesives, in coatings, in the manufacture of 
laminates and in a wide variety of applications that require high performance materials. 

An epoxy resin can be cured using Lewis acids such as aluminium trichloride, boron 
trifluoride, iron trichloride and titanium tetrachloride. The Lewis acid catalyst co- 
ordinates with the epoxide oxygen and finally forms ether bonds through a cationic 
mechanism. Unlike other curing agents, such as primary amines, tertiary amines, 
polyfunctional amines or acid anhydrides, Lewis acids can catalyse the crosslinking of 
both glycidyl resins and cycioaliphatic epoxy resins and are active in a wide range of low 
concentrations. Epoxy resins with high contents of hydroxyl groups normally have high 
percentages of water which means that when they are crosslinked with Lewis acids the 
epoxide groups can be hydrolysed. So they are consumed in side reactions and the 
crosslinking is reduced considerably. 

Because of the speed at which a Lewis acid cures an epoxy resin, the catalyst must be 
blocked, if storage of the coating composition is required. So, the blocked catalysts either 
do not react or only react slightly at room temperature, and require high temperatures to 
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start the reaction. Using this procedure longer w pot-life" times are achieved. An 
example of this catalyst is the use of complexes of boron trifluoride with ethers or amines 
as blocking agent. These initiators require a proportion of about three parts per hundred 
of resin (phr) and relatively high curing temperatures. 

The most frequently used cationic catalysts in epoxy resin technology are boron 
trifluoride/ amine compounds. Epoxy resin compositions catalysed by the compounds are 
relatively stable at room temperature and cure rapidly when they are exposed to high 
temperatures. However, these blocked catalysts have the disadvantage that not only the 
amine complexes are hygroscopic and hydrolyse with moist air, but additionally the 
physical and electrical properties of the resin will deteriorate at high temperatures and at 
high levels of moisture. 

So there is a need for new cationic catalysts which are suitable for epoxy resin technology 
and which overcome the drawbacks of the catalysts used previously. 

SUMMARY OF THE INVENTION 

This invention provides a solution to the need of better crosslinking agents and 
accelerators for epoxy resin systems, using lanthanide triflates 
(trifluoromethanosulphonates) for epoxy resin and modified epoxy systems, preferably 
used for coating systems. The lanthanide triflates act as blocked catalysts and have 
various advantages. They are tolerant to water, stable at room temperature an d hig My^ 
soluble in organic compounds. The solubility or dispersability of the crosslinking or 
curing agent in the epoxy resin is an important advantage because normal heterogeneous 
dispersions cluster together during storage and show less reactivity. These catalysts also 
need to be soluble in the epoxy resin for the manufacture of prepegs. Additionally, the 
toxicity of lanthanide s alts is much lower than the toxicity of other transition metals and 
similar to that of alkaline metals, which provides advantages in handling of this substances. 
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DETAILED DESCRIPTION OF THE INVENTION 

This invention provides a composition of crosslinkable epoxy resin materials, referred to 
below as the composition of the invention, comprising: 
A) one or more epoxy resins 

B) one or more ianthanide triflates, the general formula of which is 

(I) M (OS0 2 CF 3 )^ X, 
where 

M is the cation derived from a Lanthanide, and 
n is the valence of the Ianthanide in the compound, 
X is an additional organic or inorganic salt residue (anionic residue), 
z is a number lower than n or 0; 

Q optionally one or more crosslinking agents for epoxy resins 

D) optionally pigments, fillers and 

E) optionally other usual additives 

The composition of the invention can b e liquid or solid. The composition of the invention 
may comprise the components A and B or it may comprise components A, B and C and 
optionally components D and E may be included. One preferred embodiment of the 
invention is a composition which is suitable for powder coating applications. However, 
the compositions are also useful in liquid coating agents. Another embodiment of the 
invention is the process of crosslinking compositions comprising components A and 
optionally components C, D and E by incorporation of Ianthanide triflates (I) in the 
composition 

In the sense used in this description, the term "epoxy resin" as component A includes any 
monomelic, dimeric, oligomeric or polymeric epoxy material which contains one or more 
functional epoxy groups, either liquid or solid. As an example, component A may be: 
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- an epoxy resin which is the result of the reaction of Bisphenol A }2,2~bis (4- 
hydroxyphenyl) propane] and the epichlorohydrine [l<h!oro-2,3-epoxypropane]; 

- an epoxy resin which is the result of the reaction between phenolformaldehyde 
resins of low molecular weight and epichlorohydrin; whereby these resins can be 
used by themselves or in combination with additional compounds such as 
phenyiglycidylether, glycidyl acrylate, glycidyl methacrylate, styrene oxide, ally! 
glycidylether, etc., as reactive diluent, which can be used to modify the viscosity of 
the resin; 

- polymers which contain terminal, lateral or internal epoxide groups, e.g. the vinyl 
copolymers which contain glycidyl acrylate or methacrylate as comonomer or 
polymers which incorporate cycloaliphatic epoxide group containing monomers; 

- modified epoxy resins, which generally have epoxide functional groups at the end 
or lateral of their chains, such as epoxy siloxane, epoxy polyurethane, epoxy 
polyester, epoxy polyether, epoxy polyamine, etc. and 

- epoxy resins modified with carboxylic acids, alcohols, amines, phenols, thiols, etc. 
as long as they contain at least one or more reactive epoxide group per molecule. 



For a review of suitable epoxy resins and methods for the manufacture see, for example, 
Epoxy Resins. Chemistry and Technology, 2nd Edition, Ed. C. A. May, Marcel Dekker, 
New York (1988); Handbook of Epoxy Resins, H. Lee and K. Neville, Ed. McGraw 
Hill (1982), or Chemistry and Technology of Epoxy Resins, B. Ellis (Editor), Ed. 
Blackle Academic and Professional (1994), which are included by reference herein. 



Preferably the component A i s selected from the group made up of Bisphenol A 
diglycidyl ether resin (DGEBA), 3,4-epoxycyclohexylmetiiyl resin, 3,4-epoxy- 
cyclohexanocarboxylate resin and dodecylen-N ,N * -bis (epoxynadimide) resin. Component 
A may consist of one epoxy resin or a mixture of different types of epoxy resins can be 
used . The mixture can be selected according to the desired properties of the composition, 
e.g. viscosity, reactivity, crosslinked network. 
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Component B is a lanthanide triflate of formula (I) described above. In the meaning used 
in this description, the term lanthanide (M) shall be selected out of lanthanum and each of 
the chemical elements whose atomic number is between 58 (cerium) and 71 (lutetium), 
inclusive. In general, all lanthanides function in a similar fashion, but due to their 
5 different cationic structure they lead to crosslinked products which are different in the 

amount of crosslinking and glass transition temperature (Tg) and which influence also the 
reaction conditions. In one particular embodiment of this invention, the lanthanide is 
selected from the group made up of lantha n, ytterbium and samarium. 

10 Some lanthanide triflates (I) are commercial products or can be obtained by conventional, 

well-known methods [see, for example, M. EL. M. Hamidi, M. Hnach and H. 
Zineddine, J. Oiim. Phys. (1997), 94, 1295-1303]. As X other organic and/or 
inorganic salt residues can be used, e.g. anions such as Cl\ Br , J " , N0 3 ~, HS0 4 , H 2 PO s 
HC0 3 , CH 3 COO ' , QHsOO ' , QHsCOO • which may form mixed salts with the 

15 lanthanide M. 

Z is a number between 0 and n - 1, so that at least one triflate residue is included in 
component (I). Preferably the component B consists of lanthanide triflates, wherein Z is 0 
or 1, most preferably Z is 0. The organic or inorganic salt residues shall be selected in a 
way that they do not disturb die homogenity of the mixture of components A, B and the 

20 optional components. The component B may comprise one metall ion M, but it is also 

possible to use a mixture of two and more different metall ions. 



The component B can be present in the composition in a very wide range, but normally a 
range between 0. 1 and 7 phr is preferred. The amount of component B may be varied to 
25 influence certain properties. When the proportion of the component B is about 0.2 phr 

the curing of the composition takes place at higher temperatures. If the amount of 
component B is about 5 phr the curing proceeds faster at lower temperature. According to 
the amount of compnent B specific properties of the coating composition can be adjusted 
according to the application purpose. 



30 
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A composition of the invention can be prepared by mixing component A with an effective 
quantity of component B, the lanthanide triflate (I). Depending on the compatibility of 
the lanthanide triflate (I) and component A, component B can he mixed directly into 
component A or it may be dissolved or dispersed in an organic solvent such as methylene 
chloride, methanol, etc., which is useful for liquid coating materials to obtain a 
practically homogenous mixture. When component A is solid, the component B can be 
incorporated and mixed also by dry-grinding or by fusion mixing. Also small amounts of 
auxiliary solvents may be used for dissolving or dispersing component B to facilitate the 
mixing process of this component in the solid resins. Additionally this process may be 
performed by application of elevated temperature to soften or melt the component A and 
subsequent homogenisation. 

As component C the composition of the invention may contain conventional crosslinking 
agents and substances, e.g. primary and tertiary amines, acid anhydrides, 
dicyandiamide(DICY) and its derivatives, imidazoles, imidazolines, ureas, amides, 
melamines, hydrazides, guanidines, thioureas and sulphonamides among other products 
which are habitually used in the curing of epoxy resins. The crosslinking agent is present 
in the suitable stoichiometric or non-stoichiometric ratio. This composition can be 
obtained by mixing appropriate amounts of the various components. 

Another composition of the invention comprises at least one epoxy resin (A), a lanthanide 
triflate (B) and a conventional crosslinking agent (C) . 

The ratio between component B and the components A and C can vary considerably. 
However, good results are obtained when the quantity of component B used is between 
0.2 and 5 phr of the total mixture. The mixing process for liquid or solid compositions of 
components A and C together with component B may be performed as described above, 
and as mentioned above it is preferred to obtain a homogenous dispersion or solution of 
the three components. 



As component D the composition of the invention may, e.g. contain pigments, fillers , 
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fibres and/or dyes. Pigments are well known in the paint industry, and are organic or 
inorganic pigments e.g. titanium dioxide, carbon black, chromium titanium yellow, 
ferroxide red, effect pigments like metallic pigment flakes or iriodine pigments or 
organic pigments like phthalocyanine, chinacridone or azopigments. As fillers e.g. 
barium sulphate, calcium sulfates, siliciumdioxide and /or kaolin may be used. For 
specific purposes additonally fibres may be incorporated. The component D shall be 
stable at the curing temperature e.g. up to 200 °C. For use as powder coating material, 
however also as liquid coating material, the composition of the invention shall preferably 
contain colouring pigments and fillers. 

As component E other additives may be incorporated in the composition of the invention. 
Examples of such components are surfactants, catalysts, matting agents, solvents, 
accelerators, plasticisers, agents for controlling viscosity, UV protectors, reinforcing 
agents, etc., which are well known to a skilled person and which may be selected 
according to the different field of use of the composition. For liquid compositions 
solvents, reactive solvents, and other liquid additives may be used. For use in powder 
coating materials preferably solid additives shall be used as component E. 

The mixing process of the composition is known in principle, liquid materials may be 
dissolved or dispersed and then mixed, solid components may be mixed after heating and 
melting or they may be mixed by dry grinding. If necessary the pigments or fillers may 
be ground to an appropriate particle size. Such manufacturing process may be selected 
according to the specific composition of the invention and the purpose of use of this 
material; such processes are known to a skilled person. For all operations it is necessary 
to keep the temperature below the start of a crosslinking reaction of the components. 

The composition of the invention can be crosslinked by heating it to a temperature 
between 90 and 250 °C for between 0,5 and 90 minutes. Preferably the temperature shall 
be between 100 and 200 °C and the period may vary between 1 to 60 minutes. In 
general, an increase in the amount of component B leads to lower curing temperatures. 
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Lanthanide triflates can be used according to the invention as catalyst or accelerator for 
epoxy resin systems and they do not have the well-known disadvantages of other catalysts 
or accelerators which are normally used in epoxy resin technology and which are 
discussed in the prior art. 

Using lanthanide triflates (I) as component B as accelerating agents in epoxy resin 
systems for curing epoxy resins (component A) optionally together with crosslinking 
agents (component C) saves a considerable amount of energy since it shortens the time 
required for the curing and reduces the temperature at which the curing takes place. 
Additionally, such compositions according to the invention have the advantage that their 
use results to lower heat evolved during the crosslinking reaction, which is advantageous 
for curing objects of large dimensions or large quantities of materials in reducing the 
problem of dissipating the heat produced during curing. In this case, however, the curing 
takes place at unexpectedly short curing times compared with smaller volumes of such 
materials. 

Another advantage of the use of component B is that in other numerous formulations 
comparable reaction processes require catalysts, the residues of which lead after the 
curing to problems of oxidation, premature ageing of the materials, yellowing, etc. which 
can be avoided by the invention. 

The composition of the invention can be used in any application of epoxy resins, with or 
without a crosslinker, for example as liquid coating^ or as solid coating material, as 
adhesive, in the manufacture of laminates or composites and in other applications. 



The following examples illustrate particular ways of using the invention. 
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Example 1 

A crosslinking composition of epoxy resins was prepared by mixing 0.5 g of a Bisphenol 
A diglycidyl ether resin (DGEBA) of a molecular weight of 348 with 5 mg (1 phr) of 
ytterbium triflate and dissolving both in a minimum quantity of methanol with the aim of 
5 achieving a homogeneous mixture. The methanol was eliminated under vacuum. The 

mixture was heated to 130 °C for 35 minutes, and the curing was total and produced a 
crosslinked epoxy resin with a glass transition temperature of 97 °C. 



Example 2 

10 A curing mixture was prepared by dissolving Q.5g of DGEBA of a molecular weight of 

348 and 5mg (1 phr) of samarium triflate in the minimum quantity of methanol. The 
mixture was evaporated to dryness and was then heated at 150 °C for 35 minutes. The 
resulting crosslinked resin had a glass transition temperature of 88 °C. 

15 Example 3 

The procedure in Example 2 was repeated but with 1 phr of lanthanum triflate. The 
material was totally cured by heating the evaporated mixture at 150 °C for 30 minutes. It 
had a glass transition temperature of 84 °C. 



25 



20 ^xamp le^T) 

A homogeneous mixture was made of 0.5 g of 3 ? 4- epoxy c yclohexvlmethvl-3,4-epoxy 
cy^h&x^^bo^Mt and 5 mg (1 phr) of ytterbium trifl ate dissolved in a minimum 
quantity of methanol and dried under vacuum. After heating for 30 minutes at 120 °C, 
the product was totally crosslinked. 



Example 5 

A homogeneous mixture was made of 0.5 g of dodecylen-N,N*-bis (epoxynad-imide) and 
10 mg (2 phr) of ytterbium triflate. By heating the mixture at 150 °C for 30 minutes the 
material becomes crosslinked and has a glass transition temperature of 76 °C. 



30 
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A homogeneous mixture was made of 0.1 g of DGEBA with a molecular weight of 348 
and 0.043 g of tetrahydrophthalic anhydride and 1.4 mg (1 phr) of ytterbium triflate by 
dissolving it in the minimum quantity of methylene chloride and methanol and drying 
under vacuum. A dynamic scan of this mixture in a differential scanning calorimeter 
(DSC) showed a curing exothermic between 100 and 200 °C with its maximum 
temperature at 170 °C. The resulting product is totally crosslinked even though this 
technique does not show the glass transition temperature. 

Differential calorimetry shows no reaction exotherm below 260 °C when the same 
experiment is carried out without ytterbium triflate. The product which results from this 
experiment is soluble in organic solvents which demonstrates that curing has not taken 
place. 

Example 7 

Two homogeneous mixtures were made of 0. 1 g of DGEBA with a molecular weight of 
348 and 0.01 g (10 phr) of N 5 NKUmethyiaminq)yridine (DMAP), Ytterbium triflate (0.5 
mg) (0.5 phr) was added to only one of them. A dynamic scan of both mixtures in a 
differential scanning calorimeter (DSC) showed curing exothermic in both experiments. 
The sample that contained 0.5 phr of ytterbium triflate had the exotherm peak some 20 
°C below the sample that did not contain it. The resulting products were totally 
crosslinked, although this technique did not allow the glass transition temperatures to be 
evaluated. 

Example 8 

Two homogeneous mixtures were made of 0. 1 g of DGEBA with a molecular weight of 
348 and 0.01 g (10 phr) of 2-methyIimidazol. Ytterbium triflate (0.5 mg) (0.5 phr) was 
added to only one of them. A dynamic scan of both mixtures in a differential scanning 
calorimeter (DSC) showed, as in Example 7, that the curing exothermic had shifted to 
lower temperatures for the sample that contained the ytterbium triflate. 
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The resulting products proved to be insoluble and the glass transition temperatures were 
both about 107 *C. 

Example 9 

Two homogeneous mixtures were made of 0-2 g of DGEBA with a molecular weight of 
348 and 7 mg of dicyandiamide (DICY) (7:1 mol epoxide/moles DICY). One milligram 
(0.5 phr) of ytterbium triflate was added to only one of them. A dynamic scan of both 
mixtures in a differential scanning calorimeter (DSC) showed curing exothermic in both 
experiments. The sample that contained 0.5 phr of ytterbium triflate had the exotherm 
peak some 20 °C below the sample that did not contain it. The resulting products were 
totally crosslinked, although this technique did not allow the glass transition temperatures 
to be evaluated. 

Example 10 

Two homogeneous mixtures were made of 0.2 g of DGEBA with a molecular weight of 
1 .250 and 2 mg (1 phr) of curing agent. In one of them the agent was boron trifluoride 
/monoethylamine and in the other it was ytterbium triflate. Differential scanning 
calorimetry (DSC) showed that after 30 minutes both mixtures were totally cured, being 
heated at 190 °C. The resulting products were totally crosslinked and the mixtures 
catalysed with boron and ytterbium triflate had glass transition temperatures of 77 C and 
107 °C, respectively. This indicates that, being the chemical structure of both networks 
similar, the degree of curing is higher for ytterbium triflate. This example reveals that by 
using different curing agents [boron trifluoride /monoethylamine (traditional) and 
ytterbium triflate (invention)! in the same ratio and in similar curing conditions, the 
degree of crosslinking is higher when the curing agent is ytterbium triflate as it can be 
inferred from Tg values and measured reaction enthalpies. 

Example 11 

Two homogeneous mixtures were made of 0.25 g of 3,4-epoxy cycIohexylmethyl-3,4~ 
epoxycyclohexane carboxylase and 0. 1 g o diaminodiphenylether. To one of these 
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mixtures 2.5 mg (1 phr) of ytterbium triflate were added, dissolved in a minimum 
quantity of methanol and dried under vacuum. A dynamic scan of this mixture in a 
differential scanning calorimeter (DSQ showed a curing exotherrn with a maximum at 
132 °C. The resulting product was totally crosslinked, although this technique did not 
5 reveal the glass transition temperature. 

The same experiment was carried out without the ytterbium triflate and differential 
calorimetry showed no reaction exotherrn below 260 °C. The product which resulted 
from this experiment was soluble in organic solvents which demonstrated that the curing 
10 had not taken place. 
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CLAIMS 

1. A composition of crosslinkable epoxy resin systems, comprising 

A) one or more epoxy resins, 

B) one or more lanthanide triflates, the general formula of which is 

(I)M(OS0 2 CF,)^ X % 

where 

M is the cation derived from a Lanthanide, and 
n is the valence of the lanthanide in the compound, 
X is an additional organic or inorganic anionic residue, 
z is a number smaller than n or 0; 

C) optionally one or more crosslinking agents for epoxy resins 

D) optionally pigments, fillers and 

E) optionally other additives. 

2. Composition according to claim 1, wherein said epoxy resins are a mono- 
melic, dimeric, oligomeric or polymeric epoxy material containing one or more epoxy 
functional groups. 

3. Composition according to claim 1 or 2, wherein said epoxy resins are 
polymers containing two or more terminal, lateral or internal epoxy groups. 

4. Composition according to claims 1 to 3, wherein said epoxy resins are 
modified epoxy resins, selected from siloxane epoxy resins, polyurethane epoxy resins, 
polyester epoxy resins and polyamine epoxy resins containing epoxy functional groups. 

5. Composition according to claims 1 to 3, wherein said epoxy resin is a 
reaction product of Bisphenol A and epichlorohydrin. 
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6. Composition according to claims 1 to 5, wherein the composition includes a 
crosslinking agent (component C), selected from the group consisting of amines, 
anhydrides, dicyandiamide, imidazoles, imidazolines, ureas, amides, melamines, 
hydrazides, guanidines, thioureas and sulfonamides and its derivatives. 

7. Composition according to claim 6, wherein the composition includes 
additionally pigments and/or fillers (component D). 

8. (imposition according to claims 1 to 7, wherein the composition is liquid 
and includes solvents and/or other additives (component E). 

9. Composition according to claims 1 to 7, wherein the composition is solid 
and contains other additives (component E). 

10. Composition according to claims 1 to 9, wherein the lanthanide triflates Q) 
of component B are selected from the group consisting of triflates of lanthanum and the 
chemical elements with atomic number between 58 and 71, both included. 

11. Composition according to claim 10, wherein said lanthanide triflates (I) are 
selected from the group consisting of lanthanum, ytterbium and samarium triflates. 

12. Composition according to claims 10 and 11, wherein component B contains 
only one species of metal ion. 

13. Composition according to claim 10 to 12, wherein the number of other salt 
residues Z is 0 or 1, preferably 0. 

14. Composition according to claims 1 and 10 to 13, wherein said component B 
is present in an amount varying from 0.1 and 7 parts by weight per 100 parts by weight 
of component A and C preferably from 0.2 and 5 parts per 100 parts. 
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15. A process for crossiinking a composition of one or more epoxy resins, 
optionally one or more crossiinking agents for epoxy resins, optionally pigments, fillers 
and other additives by incorporating one or more lanthanide triflates, the general formula 
of which is 

M(OS0 2 CF 3 ) M X z 

where 

M is the cation derived from a Lanthanide, and 
n is the valence of the lanthanide in the compound, 
X is another organic or inorganic salt residue, 
z is a number smaller than n or 0; 
in an amount of 0.2 to 5 phr in the composition. 

16. A process for crossiinking a composition according to claim 15 wherein the 
lanthanide triflate is practically homogenously dissolved in the components A and C of 
the composition. 

17. A process for crossiinking a composition according to any of claims 1 to 14, 
or obtainable through the process of claim 15 or 16, comprising heating this composition 
between 90 and 250 C for a period of time between 1 and 60 minutes. 

18. A powder coating composition, comprising a composition according to any 
of claims 1 to 14. 

19. A liquid coating composition, comprising a composition according to any of 
claims 1 to 14. 

20. A substrate coated with a coating composition containing a composition 
according to any of claims 1 to 14. 
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